ABSTRACT : This study examined the replacement of the fish meal (FM) with commercial poultry by-product meal (PBM) in practical diets for rainbow trout (Onchorynchus mykiss, Walbaum). Five isocaloric and isonitrogenous diets containing levels 0 (control), 10, 20, 30 and 40% of PBM as a replacement for FM were fed to three replicate groups of rainbow trout with a initial weight 34.50±0.43 g (mean±SE). Protein efficiency ratio (PER) of diets containing PBM up to 20% were similar to the control while significantly lower values were obtained from the groups receiving higher levels of PBM (p<0.05). Apparent protein digestibility coefficients (ADCs) were significantly lower than that of the control group when PBM was included at level of 20% or more. Similarly, significantly lower values were observed with diets containing 30 and 40% PBM in terms of dry matter, organic matter, ether extract, ash and energy digestibility (p<0.05). Dietary treatments did not significantly affect the body composition of the fish in terms of dry matter, crude protein, ether extract and ash. In conclusion, PBM in a proportion of 20% may replace about 40 % of FM in rainbow trout diet without significant impairment grow. (Asian-Aust.
INTRODUCTION
Animal by-products have been a major contributor to the growth and expansion of the World's aquaculture food industry and have supplied the major of the proteins, fats and minerals, and significant quantities of vitamins, for animals through the years. Fish meal (FM) accounts for 30-50% by weight of most commercial carnivorous fish feeds (Cheng et al., 2003) . Therefore, it is important for researchers to identify and utilize some less expensive ingredients which are of equal or even better nutritional quality as compared to those based mainly on FM. Poultry by-product meal (PBM) has similar nutrient profile compared to FM, it may have good application in trout feeds. The range of dry weight proximate composition for PBM samples was 55-74% for protein, 10-19% for lipid, and 11-23% for ash (Dong et al., 1993) . The apparent protein digestibility coefficients obtained from the in vivo method were in the range of 64.4-77.7. These results indicated that PBM could successfully be used as protein and energy sources for growing fish. Previous study reported that diets including up to 40% PBM (Pokorny, 1982) and replace up to 25-35% FM (Alexis et al., 1985) could be successfully used for rainbow trout. These results may allow for less expensive diet formulations for rainbow trout and may reduce diets costs for producer, thereby increasing profitability. It was aim of the present study to determine the effects of diets with PBM at various levels on apparent nutrient digestibility of the diets, body composition and protein efficiency ratio of rainbow trout (Onchorynchus mykiss, Walbaum). This research is also dedicated to help the rendering industry to keep our environment clean and help aquaculture industry make economic and efficient use of alternative animal proteins, and thus increase profit margin.
MATERIALS AND METHODS
The feeding trial was performed at the Kepez Aquaculture Center, Kepez (Antalya-Turkey) aquaculture facility with rainbow trout (Oncorhynchus mykiss, Walbaum), averaging 34.5±0.43 g initial weight. The chemical compositions of the feed ingredients used in the study are given in Table 1 . Five isocaloric and isonitrogenous diets on the basis of gross energy and crude protein including PBM at the levels of 0% (control), 10% (PBM10), 20% (PBM20), 30% (PBM30) and 40% (PBM40) were formulated ( The powdered ingredients except fish oil were mixed in an experimental horizontal mixer for 5 min and pelleted with a pellet machine into 3 mm diameter die by offering them directly to the pelleting section of the machine without steam conditioning. Fish oil was covered over the pellets at the levels of predefined. The feeding trial was conducted in 500 l flow-through circular fiberglass tanks, supplied with well water at a flow rate of 15 l min -1 . The water quality parameters such as temperature, dissolved oxygen (daily) and pH (one in three days), were 14.2±0.9°C, 8.8±0.3 mg l -1 and 7.5±0.2, respectively, during the experimental period. These results were in agreement with the results reported by Sedgwick (1995) . The fish were subjected to natural photoperiod over the trial. Each diet was fed to groups of fish to apparent satiation, three times a day except morning meal on the weighing days was offered at 08:30, 12:00 and 15:30 h for 12 weeks. The tanks were siphoned daily after the last meal. At the start of the feeding trial, five fish from each tank were randomly sampled and were anaesthetized with fenoxy ethanol and used for an assessment of initial body chemical composition. The remaining fish (50 rainbow trout) were randomly stocked into each tank with three replications per treatment. Fish were distributed to ensure there were no significant differences between groups mean weight (±SE) (34.5±0.43 g).
Fecal samples were collected to determine apparent digestibility (Gouveia, 1992) by the hand stripping method (Austreng, 1978) after routine weighings during the last three weeks. At the end of the trial ten fish starved for 24 hours from each tank were removed. Five of them were used to determine body measurements while the five ones were minced through a meat mincer and stored at -40°C until whole body analysis. The results of PER were calculated using the following formula (Steffens, 1994) : (Henken et al., 1986 ). The indirect method described by Cho and Kaushik (1990) was used to calculate the apparent 'digestibility' coefficient (ADC), with chromium oxide (Cr 2 O 3 -SIGMA Product No: 34,296-3) as the inert marker. The apparent digestibility coefficient of nutrients was calculated by using the following formula:
Where: NF=% nutrient in faeces, ND=% nutrient in diet, CrD=% chromium oxide in diet, and CrF=chromium oxide in Faeces. During the experimental period, fish were fed with the 0.5% chromium oxide-containing diets.
At the end of the feeding trial all fish were weighed to calculate body weight gain [BWG=final body weight, ginitial body weight, g] and specific growth ratio [SGR=(ln final body weight, g-ln initial body weight, g)×100/time, day].
A one-way analysis of variance (ANOVA) and Duncan's multiple range tests were used to compare treatment means for significant differences. Significance was tested at the p=0.05 level.
RESULTS AND DISCUSSIONS
The apparent digestibility coefficients (ADCs) and protein efficient ratio (PER) of the diets and proximate analysis (% of wet weight) of whole fish at the initial and end of the trial were given in Table 4 and 5, respectively. Protein efficiency ratio (PER) is important parameter for amino acid balance and protein quality. PER values of groups fed PBM10 and PBM20 were similar to the control while significantly lower were groups receiving higher levels of PBM (p<0.05). Zoccarato et al. (1996) reported that high level of PBM affected negatively PER in trout. The lower PER could be attributed to insufficient amino acids and feather, connective tissue and skin contents that are considered to be difficult for fish to digest (Hardy, 2000) . Apparent digestibility coefficients (ADCs) of the diets were significantly depressed in fish fed the diets with higher than 20% of PBM. The ADCs of dry matter, organic matter, lipid, ash and energy were not significantly affected by diets containing 10% and 20% PBM compared to control diets. However, fish fed diets containing 20%, 30% and 40% PBM decreased ADCs of protein significantly. Gouveia (1992) observed that dry matter, protein and lipid digestibility increased along with the inclusion of PBM in diet for rainbow trout. However, Zoccarato et al. (1996) reported that there were no differences among the dry matter, organic matter, protein and lipid digestibility in fish fed diets containing graded levels a "broth" obtained by thermal treatment with super hot steam of poultry processing wastes. The availability of nutrients and energy in feedstuffs to fish may vary considerably, depending on a variety of factors including fish species, ingredient quality and processing conditions (Gaylord and Gatlin, 1996) . In the present study the observation of the reduced protein digestibility in fish fed higher than 10% of PBM probably attributed due to the exposed product to high temperature for a long time during the processing along with feather and the other indigestible contents. Lipid digestibility reduced when PBM was included at the levels of 30 and 40%. Pfeffer et al. (1995) found that lipid digestibility of poultry offal meal and feather meal reduced significantly for rainbow trout when their inclusion level in a basal diet was increased from 25 to 50%. Gaylord and Gatlin (1996) and Degani et al. (1997) found that PBM had a lower lipid digestibility than FM while Bureau et al. (1999) found two PBMs had high lipid digestibility close to that of the FM. This may be due to the high-saturated fatty acid content of PBM and high processing temperature of the product used in this study. Body weight gain (BWG) and specific growth Results from the present study showed that traits relating to the performance depressed in fish fed PBM30 and PBM40 diets compared to those fed the other diets. These results are accordance with Zoccarato et al. (1996) and Webster et al. (2000) . Similarly, Alexis et al. (1985) using a diet containing 25% PBM obtained good performance in trout. The lower growth rates exhibited by the fish fed diets containing 30 and 40% of PBM could be attributed to insufficient amino acids and feather, connective tissue and skin contents which are considered to be difficult for fish to digest (Hardy 2000) . This suggestion is also confirmed by the lower digestibility coefficients of the diets in question in the present study. In the present study, any significant effect of feeding diets with PBM on body composition was not found (Table  5) . Similarly, Webster et al. (2000) observed no differences in fillet composition of sunshine bass fed a diet including PBM at a level replacing 100% of FM. However, Gouveia (1992) and Steffens (1994) reported that body lipid content increased with the inclusion of PBM in the diets and protein content reduced. The results indicate that fat content in the body composition may be manipulated by changing the dietary fat content and the experimental conditions. The little differences in the fat content of the experimental diets (Table 3) caused no significant the body fat deposition. Even though a high level lipid content of PBM was found in the present study, lipids from poultry processing and rendered products are good energy sources for both cold water fish. Consequently, our experiment indicate that PBM in a proportion of 20% may replace about 40% of FM in rainbow trout diet without significant impairment grow. 
